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摘  要 
 
塔玛亚历山大藻（Alexandrium tamarense Balech）是一种能合成、生产麻痹
性贝毒（Paralytic shellfish poisoning, PSP）的有毒甲藻，广泛分布于近岸海域并
常形成大规模赤潮，大多数的麻痹性中毒事件都与之密切相关。研究表明抗生素
会影响 A. tamarense 的毒素合成，但其机理不是很清楚。 
本论文以中国南海筛选的一株塔玛亚历山大藻，A. tamarense CI01 为研究对
象，采用抗生素持续多代胁迫手段，研究了抗生素持续胁迫下藻细胞生长、形态、
体系内游离细菌密度和细胞毒素含量变化等。在此基础上运用蛋白质组学方法比
较研究了新霉素胁迫下 A. tamarense CI01 蛋白质组的变化，并运用生物质谱技术
对差异表达蛋白进行了鉴定和功能分析，从蛋白水平上研究了 A. tamarense CI01
对新霉素胁迫的生理响应，并结合细胞毒素的变化探讨了 A. tamarense CI01 毒素
的合成机制，取得主要结果如下： 








3．新霉素和氨苄青霉素持续胁迫降低了 A. tamarense CI01 细胞毒素含量。




组中 A. tamarense CI01 蛋白质组的差异表达， 确认了 49 个明显差异表达蛋白，







































Alexandriu. tamarense is a wide-spread toxic dinoflagellate species, which is not 
only able to produce potent neurotoxins but also results in paralytic shellfish 
poisoning (PSP). It has been reported that the toxin production of A. tamarense is 
influenced by antibiotics, but the mechanism is not clear.  
This study compared 2-DE protein profiles of A. tamarense CI01, a 
toxin-producing dinoflgellate isolated from the South China Sea grown with and 
without antibiotics, the toxin content, cell growth and morphology as well as the 
extracellular bacteria abundance were also investigated. The differentially expressed 
proteins were identified using MALDI-TOF/TOF MS and homology-based search. 
The physiological responses of A. tamarense to anbiotcis were investigated at the 
proteomic level, and the toxin biosynthesis mechanism was discussed. Main results 
obtained are as follows: 
1. The effects of different concentrations of neomycin (Nm) and ampicillin (Amp) 
on cell growth of A. tamarense CI01 were different. Continuous treatment of 
ampicillin inhibited cell growth of A. tamarense CI01 and resulted in adverse effects 
on cell size and cell colour, cells became pale and small. While neomycin produced 
no significant effect on cell growth and mophology of A. tamarense CI01; 
2. The amount of extracellular bacteria was reduced by the neomycin and 
ampicillin. The presence of Nm (1000 µg/ml) significantly inhibited the extracellular 
bacteria growth, the bacteria abundance decreased to 10%, while bacteria growth was 
completely inhibited by Amp (1500 µg/ml). However, the presence of antibiotics 
might not kill the intracellular bacteria existing in the A. tamarense CI01 cells and the 
inhibitory effect of antibiotics on the bacteria presented time-dependence; 
  3. The presence of Nm (below 2000 µg/ml) and Amp (below 1500 µg/ml) 
significantly inhibited toxin production of A. tamarense CI01. The toxin content of 
Nm-treated A. tamarense CI01 decreased to half of that of none Nm-treated A. 
tamarense CI01. The inhibition of higher concentration groups were stonger than the 
lower ones, but not in linear relationship; 
4. Comparison of 2-DE protein profiles of A. tamarense CI01 grown with Nm or 
















were upregulated and 18 were downregulated. The results from MALDI-TOF/TOF 
MS analysis showed that these proteins were involved in photosynthesis, 
bioluminensce, macromolecular metabolism, cell signal transduction, cell division, 
respiration, and some other particular functions. Among of them, the expression of 
luciferin-binding protein and S-adenosylmethionine synthetase were changed 
significantly in Nm-treatment A. tamarense CI01.  
This study demonstrates that the presence of antibiotics might affect protein 
expressions related to toxin biosynthesis, or change the signaling pathway related to 
toxin biosynthesis, which inhibited the toxin biosynthesis and decreased toxin 
production capacity of A. tamarense CI01. 
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APS：Ammonium Persulfate，过硫酸铵  















PSP：paralytic shellfish poisoning，麻痹性贝毒 




SDS：Sodium decdecyl sulsfate，十二烷基磺酸钠 






















MALDI-TOF-MS-MS：Matrix-assisted Laser Desorption/ionization Time-of-Flight 























海记录的赤潮共 1094 次，平均每年约 28 次。其中 2001 年-2009 年 9 年间就发生






































麻痹性贝毒（Paralytic Shellfish Poisoning，PSP）主要由海洋甲藻，Alexandrium, 
Pryodinium, Gymnodium 属中的一些种类产生，其中亚历山大藻是主要的产毒生
物，类属甲藻门亚历山大藻属，广泛分布于全球各海区（Anderson et al., 1994; 
Hallegraeff et al., 1995）。据报道，亚历山大藻属的大部分种类都可以合成麻痹
性贝毒，大多数麻痹性贝毒中毒事件都与之密切相关（Luckas，2005）。在过去
的半个多世纪，学者们对不同海区的亚历山大藻的产毒生理学和地域分布特征进
行了大量研究（Hall, 1982; Oshima et al., 1982; Maranda et al., 1985; Kim et al., 
1993; Anderson et al., 1994; Kim et al., 1995; Chang et al., 1997; Yoshida et al., 2001; 





溶于非极性溶剂（林燕堂等，1999）。目前已经发现的 PSP 毒素有 20 余种，其
基本结构是四氢嘌呤（图 1.1），根据 R4 基团的不同可以分为四类（表 1.1），
分别是氨基甲酸酯类毒素（Carbamate toxins），包括石房蛤毒素（STX），新石
房蛤毒素（neoSTX）和膝沟藻毒素 1-4（GTX1-4）；N-磺酰氨甲酰基类毒素
（N-sulfocarbamoyl toxins），包括 B1-2 和 C1-4（如图：1.2）；脱氨甲酰基类毒素
（decarbamoyl toxins），包括 dcSTX, dcneoSTX 和 dcGTX1-4；脱氧脱氨甲酰基类


































stutzeri 和 P. diminuta），但毒素水平较低，且毒素组成与有毒藻也不同，他们认
为此二株细菌可能存在于藻细胞内。此后一直有陆续报道从不同藻类中分离得到
产毒细菌，但是产毒率都很低，无法将藻类的毒素产生完全归因于胞内细菌
（Doucette et al 1995；Gallacheret al 1996）。 
除此之外，有学者提出海洋共生细菌也可以影响有毒藻的产毒能力的观点。
Silva（1990）从有毒的塔玛亚历山大藻分离到一株胞内细菌，添加到无毒的
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